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Description 

TECHNICAL FIELD 

[0001] The invention relates to the separation of mag- 
netic particles from a compositbn. The invention can be 

used in different applications, especially in the fields of 
biotechnology, biochemistry, and biomedicine. 

TECHNICAL BACKGROUND 

[0002] Magnetic microparticles are used as a solid 
phase in various applications to bind biomaterial. One 
advantage of microparticles is the large area of the solid 
phase and short diffusion lengths. The size of micropar- 
ticles Is generally 0.05 - 10 pm and they are available In 
different materials and already activated for many appli- 
cations. Magnetic particles can be moved by using a 
magnet. 

[0003] The separation methods of magnetic particles 
currently used include settling a reaction vessel in a 
magnetic field so that particles are accumulated into a 
so-called pellet at the bottom of the vessel. Thereafter, 
the liquid which is free from particles is decanted or re- 
moved by aspiration. However, the removing of the liq- 
uid from the vessel must be carried out very carefully so 
as not to remove the particles at the same time. 
[0004] Publication WO-86/06493 proposes a method 
to be used in immunoassays, in which magnetic parti- 
cles and the marked complex adhered to them are sep- 
arated from a liquid by using a magnetic rod and sub- 
sequently taken to be measured. The tip of the rod com- 
prises a fixed magnet and a removable protective cover 
to whose outer surface the particles adhere. It is prefer- 
able to cover the protective cover with another cover af- 
ter the separation and before measuring. After the 
measurement, the protective covers are detached to- 
gether with the particles and thrown away and new cov- 
ers are taken for a new separation. According to the pub- 
lication, the magnet can also be an electromagnet, 
whereby the magnetic field can be eliminated when de- 
sired. 

[0005] Publication WO-87A)5536 proposes a device 
for separating magnetic particles, comprising, on the in- 
side, a rod movable in a vertical boring and a magnet at 
the lower end thereof. The device is introduced, with the 
magnet in the lower position, into a liquid containing par- 
ticles, whereby the particles are accumulated on the end 
of the rod. When the magnet is allowed into the upper 
positton, the particles can be detached from the rod. In 
this way, particles can be collected and transferred from 
one liquid into another 

[0006] However, the disclosed separation devices 
and methods for magnetic particles cannot be applied 
very well in applications in whk;h particles must be col- 
lected from a fairly targe volume and transferred into an 
essentially smaller one. 



DESCRIPTION OF THE INVENTION 
General Description 

s [0007] Now. a separation method according to Claim 
1 has been invented. The other Claims present some 
preferred embodiments of the invention. 
[0008] The device according to the invention compris- 
es an elongated protective cover that includes a mova- 

10 ble rod comprising one rod magnet in the longitudinal 
directk)n of the cover. The proportion of the length of the 
rod magnet to its thickness is at least about 2:1 , prefer- 
ably at least about 3:1, and most preferably at least 
about 12:1. Both the intensity and the gradient of the 

IS magnetic field thus formed are the strongest at the end 
of the rod and when the magnet is in the lower position, 
the particles from the composition are accumulated di- 
rectly on the tip of the cover. Particles can be released 
from the tip of the cover into a volume which is many 

20 times smaller than the original composition. 

[0009] The rod magnet preferably consists of a per- 
manent magnet and a ferromagnetic ami which is its ex- 
tension. 

[0010] The rod magnet is preferably sufficiently long 

25 sothat the upper end of its dipole always remains above 
the surface of the compound. If particles are to be col- 
lected from a compound column higher than the dipole, 
it must be seen to that the particles from the upper part 
of the column are first collected on the tip so that the 

30 upper end of the dipole is constantly above the particles. 
[0011] Since the upper end of the magnet can be 
above the compound, a more effective magnet with re- 
spect to the volume of the compound can be used, ac- 
celerating and facilitating the collectbn. 

35 [001 2] The device according to the invention compris- 
es, in the tip of the protective cover, an intensive mag- 
netic field in the direction of the cover This is especially 
advantageous when particles are collected from a con- 
centration of particles whk;h has first been created in 

40 some other way. An additional advantage is that a high 
retaining strength can be provided directly in the tip from 
which the adhesion of the liquid particularly tends to de- 
tach particles when the protective cover is lifted off the 
liquid. 

^ [001 3] The tip of the protective cover is preferably pro- 
vided with a sharp downward projection. This minimises 
the amount of liquid remaining in the tip. Typically, the 
tip is shaped like a cone. When transferring particles into 
very small vessels, the tip is preferably shaped as a 

so cone with a concave surface. 

[001 4] When a f e rromagnetic arm is used in the mag- 
net, the magnet and the magnetised arm together func- 
tion as a long rod magnet. The arm dissolves the gradi- 
ent of the upper pole of the field, whereby the upper pole 

ss does not carry out the collection of particles. In this way, 
the long rod magnet can be provided at a low cost. How- 
ever, even with a ferromagnetic arm, it is advantageous 
to use a relatively long magnet (with a length of about 
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1 .5...10 times the thickness). The length of the magnet 
is preferably selected so that a maximum internal, per- 
manent field intensity is provided for the magnet in ques- 
tion. 

[0015] The junction between the magnet and its arm 
is preferably made so that the arm and the magnet come 
inside one another for a short length. In this way, the 
formation of strong gradients at the junction, which may 
possibly collect particles, is avoided. 
[001 6] The cross-section of the rod magnet can be, e. 
g., circular or rectangular. The circular shape Is the best 
with respect to both manufacture and use. Indeed, the 
rotation of the magnet on its axis, for example, has no 
effect in this case. In principle, the rod can be curved to 
make the moving mechanisms simpler. 
[0017] The shape of the protective cover on the rod 
can vary according to the use. Normally, the circular 
shape is the most advantageous with respect to both 
manufacture and use. In order to increase strength, the 
cover can be made conical, which also facilitates the 
manufacture of the cover by injection moukJing. The 
cover is preferably made of polypropylene. 
[0018] The invention is best-adapted to be used for 
particles of about 1 - 10 pm. 
[001 9] Drawings 

[0020] Some preferred applicatk>ns of the inventbn 
are described in the folbwing as examples. In the draw- 
ings of the description: 

Fig. 1 presents a separation means according to the 
invention, 

Fig. 2 presents the use of the means of Fig. 1 for 
collecting particles from a suspension, 
Fig. 3 presents the use of the means of Fig. 1 to 
release the collected particles Into a very small ves- 
sel, 

Fig. 4 presents the use of another means according 
to the Invention for collecting particles from the wall 
of a test tube. 

Fig. 5 presents the use of a third means according 
to the invention for collecting particles from a small 
amount of liquid; and 

Fig. 6 presents the use of the means of Fig. 5 for 
releasing the collected particles into a small amount 
of liqukJ. 

Examples 

[0021] The separatton rod according to Fig. 1 com- 
prises an elongated protective cover 1 and a boring 2 In 
it. The lower ends of the cover and the boring are slightly 
tapered. The upper end of the body is provided with 
flange 3 which facilitates gripping. 
[0022] Boring 2 comprises loose magnetic rod 4. This 
comprises vertk:al rod magnet 5 at the lower end there- 
of, and ferromagnetic arm 6 above It as an extension of 
the magnet. Gripping knob 7 is provided at the end of 
the arm. 



[0023] The bwer end of the cover is provided with a 
tapering, sharp-edged tip 8 with a concave surface. The 
length of the tip corresponds approximately to the width 
of the lower end of the cover. 
s [0024] Fig. 2 presents the collectbn of particles from 
a test tube where they are dispersed In suspension 9. 
The separation rod is moved in the test tube by sweeps 
up and down. In this way particles can be collected at 
the tip to form an annular mass 10. When magnet 5 is 
kept in the bwer end of boring 2, the particles remain 
attached to the tip. When particles are to be released, 
the magnet is lifted up. 

[0025] Tip 8 is especially well-adapted to transfer par- 
ticles into a very small vessel, such as the well of a so- 
called HLA plate 11 (Fig. 3). The tip is slightly longer 
than the height of the well. When the tip Is pushed Into 
the well, the surface of the liquid rises along the surface 
of the tip due to surface tension. The edge of the moving 
surface of liquid sweeps the particles off the tip and into 
the liquid. The detachment can be Improved by stirring 
the rod. Correspondingly, when the tip is lifted from the 
well, the surface of the liquid moves towards the sharp 
end of the tip as an Integral film. In this way, the Iquid 
and the particles with it are completely detached from 
the tip. 

[0026] The partbles are preferably detached from the 
liquid so that they are first concentrated into one spot in 
the vessel from where they are then collected by using 
the rod. The concentration can be effected by letting the 
particles settle by gravitation, by centrifuging or by pull- 
ing the particles onto the wall of the vessel by using a 
magnetic field. 

[0027] Fig. 4 presents the collection of partbles from 
the wall of a test tube on which they were first pulled, by 
using a magnet, to form a vertical strip 9. By sweeping 
along the strip by the tip of the rod, the particles can be 
made to adhere to the tip of the protective cover 1 of the 
rod to form mass 10. Here the tip of protective cover 1 
is shaped like a relatively blunt cone. This is well-adapt- 
ed for transferring particles into vessels where the tip 
can be pushed properly into the liquid. 
[0028] The proportion of the length of magnet 5 to the 
diameter is about 10:1, and the proportion of the length 
of the arm to the length of the magnet is about 5:1 . The 
ann is slightly wider than the magnet and the upper end 
of the magnet is embedded inside the lower end of the 
arm at a length of about twice its diameter. 
[0029] Figs. 5 and 6 present a separation device in- 
cluding a magnetic rod 4' which comprises only a per- 
manent magnet 5' coated with a suitable protective layer 
but no ferromagnetic arm. The upper end of protective 
cover 1' is provided with a gripping portion 3' with two 
flanges which enables the easy control of the device in 
automatic separation or analysis devices, for instance. 
The proportion of the length of the magnet to the diam- 
eter is about 7:1. The tip of the cover is shaped like a 
relatively blunt cone (the height of the cone being about 
1/3 of its width). 
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[0030] Fig. 5 presents the separation of particles from 
a relatively narrow vessel compared with the separation 
rod {the inner diameter of the vessel is about 70 % of 
the diameter of the rod) and from a relatively small 
amount of liquid. Lower line 1 1 presents the free surface 
of liquid and upper line 1 2 the surface of liquid when the 
separation means Is pushed into the liquid. Magnetic 
particles are accumulated at the tip of the protective cov- 
er to form mass 10 which can be released back into a 
relatively small amount of liquid (Fig. 6). 
[0031] The means of Fig. 5 and 6 Is well-adapted to 
be used in the wells of mlcrotitration plates with diame- 
ters of about 7 mm. 



Claims 

1. A means for separating magnetic particles from a 
composition, characterised in comprising: 

an elongated protective cover (1 ; 1 ') with an up- 
per end and a lower end, 
the protective cover comprising a recess (2) ex- 
tending from the upper end towards the lower 
end thereof, 

the recess comprising a movable rod magnet 
(4; 4') extending in the bngitudinal direction of 
the recess, the proportion of the length of the 
rod magnet to Its thickness being at least about 
2:1 , preferably at least about 3: 1 . 

2. A means according to Claim 1, characterised in 
that the rod magnet (4) comprises a magnet (5) at 
the lower end thereof and a ferromagnetic arm (6) 
attached to the upper end of the magnet. 

3. A means according to Claim 1 or 2, characterised 
in that the proportbn of the length of the rod magnet 
(4) to its thickness is at least about 12:1. 

4. A means according to Claim 2 or 3, characterised 
in that the upper end of the magnet (5) and the lower 
end of the arm (6) are inside one another. 

5. A method for separating magnetic particles from a 
composition containing them, characterised in that 
a separation means is pushed into the composition, 
the separation means comprising an elongated pro- 
tective cover (1 ; V) with an upper end and a lower 
end, the protective cover comprising a recess (2) 
extending from the upper end towards the lower 
end, the recess comprising a movable rod magnet 
(4; 4') extending in the longitudinal direction of the 
recess, the proporton of the length of the rod mag- 
net to its thickness being at least about 2:1 , prefer* 
ably at least about 3:1. 

6. A method according to Claim 5, characterised in 



that the separatbn means is pushed into the com- 
positbn so that the upper end of the rod magnet 
remains above the surface of the composition. 

s 

Patentanspruche 

1. Vorrichtung zum Trennen magnetischer Partikel 
von einer Stoffzusammensetzung, dadurch ge- 

10 kennzeichnet, dass die Vorrichtung einschlieBt 

- eine langgestreckte SchutzhOlle (1;V) mit el- 
nem oberen und einem unteren Ende, 
einen von der SchutzhOlle umschlossenen In- 

is nenraum (2). der sich von deren oberem zu ih- 

rem unterem Ende erstreckt, 
einen vertellbaren Magnetstab (4;4'). der in 
dem Innenraum, in de8sen*l-angsrichtung ge- 
rlchtet, angeordnet ist und dessen Verhaftnis 

20 Lange zu Dicke mindestens etwa 2:1, vor- 

zugsweise 3 : 1 betragt. 

2. Vorrichtung nach Anspruch 1, dadurch gekenn- 
zeichnet,dass dem Magnetstab (4) an seinem un- 

2S teren Ende eln Magnet (5) und dem oberen Ende 
des Magneten ein ferromagnetischer Arm (6) zuge- 
ordnet ist. 

3. Vorrichtung nach Anspruch 1 Oder 2. dadurch ge- 
30 kennzeichnet, dass das Verhaitnis der Lange des 

Magnetstabes (4) zu seiner Dicke zumindest etwa 
12: 1 betragt. 

4. Vorrichtung nach Anspruch 2 Oder 3, dadurch ge- 
35 kennzeichnet, dass das obere Ende des Magne- 
ten (5) und das untere Ende des Armes (6) inein- 
ander steckend einander zugeordnet sind. 

5. Verfahren zum Trennen magnetischer Partikel von 
40 einer diese enthaltenden Stoffzusammensetzung, 

dadurch gekennzeichnet, dass eine Trennvor- 
richtung In die Stoffzusammensetzung eingefuhrt 
wird, dass die Trennvorrichtung eine langgestreck- 
te SchutzhOlle (1;V) mit einem oberen und einem 

4S unteren Ende einschlieBt, dass die SchutzhOlle ei- 
nen Innenraum (2) umschlle3t, der sich von ihrem 
oberen zu ihrem unteren Ende .erstreckt, dass der 
Innenraum einen verstellbaren Magnetstab (4;4') 
aufnimmt. der in der Langsrichtung des Innenrau- 

so mes verlauf end in diesem angeordnet Ist, und dass 
das Verhaitnis der Lange zur Dicke des Magnetsta- 
bes zumindest etwa 2:1, vorzugsweise 3 : 1 be- 
tragt. 

ss 6. Verfahren nach Anspruch 5, dadurch gekenn- 
zelchnet, dass die Trennvorrichtung so in die Stoff- 
zusammensetzung eingef Ohrt wird, dass das obere 
Ende des Magnetstabes oberhalb der Oberflache 
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der Stoffzusammensetzung bleibt. 



Revendlcations 

1 . Dispositif de separation de particules magndtiques 
dans une composition, caractdrisd en ce qu'il 
comprend : 

- une enveloppe protectrice allongSe (1 ; 1 *) avec 
une extrdmitd supdrieure et une extr^mitd infd- 
rieure, 

I'enveloppe protectrice comprenant une gorge 
(2) s'dtendant de I'extrdniitd sup^rieure vers 
I'extr6mltd Infdrleure de celle-ci, 

la gorge rentermant une tige magn6tique amo- 
vible (4; 4') s'dtendant dans le sens longitudinal 
de la gorge, te rapport entre la longueur de la 
tige magndtique et son dpaisssur dtant au 
moins d'environ 2:1, de preference au moins 
environ 3:1. 

2. Dispositif selon la revendication 1 , caractdrisd en 
ce que la tige magndtique (4) comprend un aimant 
(5) k I'extrdmite infdrieure de celle-ci et un bras fer- 
romagn^tique (6) fix^ k rextr^mite sup^rieure de 

i'aimant. 

3. Dispositif selon la revendication 1 ou 2, caracterisd 
en ce que le rapport entre la longueur de la tige ma- 
gnetique (4) et son epalsseur est au moins d'envi- 
ron 12:1. 

4. Dispositif selon la revendication 2 ou 3, caract^risd 
en ce que i'extremite supdrieure de I'aimant (5) et 
rextr^mitd infdrleure du bras (6) sont I'une dans 
I'autre. 

5. Proc^de de separation de particules magnetiques 
dans une composition contenant celles-ci. caracte- 
risd en ce qu'un dispositif de separation est introduit 
dans la composition, le dispositif de separation 
etant constitue d'une enveloppe protectrice allon- 
gee (1 ; 1 ') avec une extremite superieure et une ex- 
tremite inferieure, I'enveloppe protectrice compre- 
nant une gorge (2) s'etendant de I'extremite supe- 
rieure k I'extremite inferieure, ia gorge contenant 
une tige magnetique amovible (4;4') s'etendant 
dans le sens longitudinal de la gorge, le rapport en- 
tre la longueur de la tige magnetlque et son epais- 
seur etant d'au moins environ 2: 1 , de preference au 
moins environ 3:1. 

6. Procede selon la revendication 5, caracterise en ce 
que le dispositif de separation est Introduit dans la 
composition de sorte que I'extremite superieure de 
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la tige magnetique demeure au-dessus de la surfa 
ce de la composition. 
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